Abstract
Introduction
In an output oriented manner, technical efficiency is measured as a ratio of realized output to the potential output. The reliability of this measure of technical efficiency depends on how accurately the potential output is measured. It is in general assumed that the potential output is obtained by following the best practice methods, given the technology. This implies in turn that the potential output is determined by the underlying production frontier, given the level of inputs. Since by definition technical efficiency is the discrepancy of the actual (realized) output from the production frontier, its measurement cannot proceed without the estimation of the production frontier.
The estimated frontier depends on the assumptions about the nature and the determinants of best practice methods. The former is related to the question of whether the best practice is a realized method inherent in the data or it may not be realized yet. Consequently, the potential output used to measure technical efficiency may or may not be realized. Up to now in the efficiency measurement literature, all but Kalirajan and Obwona (1994a) have agreed that the frontier results from observed output levels, produced by the firms using the best practice methods. 1 In contrast, Kalirajan and Obwona (1994a) suggested that the potential output need not necessarily be observed in the data at hand. They attempted to justify that by arguing that the best practice method varies from input to input and thus not every firm would be applying all input efficiency. However, it seems more reasonable whatsoever to think of best practice as referring to the whole set of inputs used by a firm instead of each input separately.
On the other hand concerning the determinants of best practice methods, two alternative models have been developed, which are referred to as neutral and nonneutral frontier models. The former assumes that technical efficiency is independent of the levels of input used but is dependent on the method of application of inputs.
Thus, even for identical levels of the same inputs, output differs due to differences in the methods of application. 2 In turn the effectiveness of the methods of application is determined by various organizational factors, which are influenced by socioeconomic, demographic etc characteristics that affect the managerial ability of firms. In such a case, the estimated frontier is modeled as a neutral shift of the traditional "average" production function. In contrast, the non-neutral frontier model assumes that both the methods of application of inputs as well as the level of inputs (i.e., scale of operation) determine the potential output and thus, the estimated frontier is modeled as a nonneutral shift of the traditional "average" production function. The non-neutral shift is related to that firms may acquire more information, knowledge and experience with respect to one input's productivity than the other (Huang and Liu, 1994) . Apparently, it seems intuitively more appealing to argue that technical efficiency stems from two sources: firm-specific intrinsic characteristics and input levels.
Two alternative approaches have been used to model non-neutral production frontiers. On the one hand, Kalirajan and Obwona (1994a) developed the stochastic varying coefficient frontier (SVCF) model that related the notion of the non-neutral frontier with cross-sectional and possibly temporal variation in production response coefficients, which include not only the intercept term as in the traditional frontier framework but also the slope coefficients. The idea of slope varying coefficients is consistent with the methods of application of inputs to depend on the level of inputs.
On the other hand, Huang and Liu (1994) accommodated the notion of the non-neutral frontier by modeling the one-sided error term measuring technical efficiency as a function of not only the variables affecting the managerial and organizational ability of firms but also of input levels, including interaction terms between them.
Besides conceptual differences, these two non-neutral frontier models require quite different econometric estimation techniques. In particular, Huang and Liu's (1994) model is estimated with maximum likelihood, which necessitate the imposition of particular distributional assumptions regarding the one-sided error term. In contrast, the SVCF model dispenses with this assumption as it can be estimated with generalized least squares by using Hildreth and Houck's (1968) random coefficient regression procedure but the additive error term (appended to account for statistical noise) cannot be distinguished from the randomly varying intercept when only crosssection data are available (Kalirajan and Obwona, 1994b; Tsionas, 2002) . Thus, in a cross-sectional setting, SVCF is deterministic frontier model. This is not true however with panel data as it is possible to have a (cross-sectional) random intercept and noise at the same time (Kalirajan, Obwona and Zhao, 1996; Tsionas, 2002) ).
Despite its attractiveness as a non-neutral frontier model, SVCF's assumptions about the nature of best practice methods raise doubts about the reliability of the resulting efficiency measures. In particular, it is shown that as long as the best response coefficients are coming from different firms in the sample, which as noted by Kalirajan and Obwona (1994a) is quite likely to happen in empirical applications, the resulting frontier is not well defined in theoretical grounds and infeasible for any sample participant. Consequently, by using it to compute the maximum attainable output yields misleading results regarding both the magnitude of technical efficiency and the ranking of firms according to their efficiency scores. Moreover, Kalirajan and Obwona's (1994a) measure of single factor technical efficiency (defined as the ratio of the actual to the maximum response coefficient for each input) also raises concerns about its appropriateness as an efficiency measure. 
Measuring Technical Efficiency in the SVCF Model
Following Kalirajan and Obwona (1994a) , let the production frontier of the SVCF model in a cross-sectional setting be approximated by the Cobb-Douglas form:
where y refers to output produced, i is used to index firms and k to index inputs x, and β corresponds to firm-specific technology parameters to be estimated. Following the random coefficient formulation of the SVCF model, ik
has a mean value of zero and a covariance matrix given by equation (5) in Kalirajan and Obwona (1994a) . In this specification, parameter moments rather than parameters themselves are fixed. Consistent estimates of parameter moments can be obtained by generalized least squares and individual parameters are calculated by using the mean parameter vector and the estimates of Griffiths, 1972) .
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Having estimated (1), Kalirajan and Obwona (1994a) followed the tradition of the frontier literature and measured output-oriented technical efficiency by the ratio of actual to potential output, i.e.,
( )
However, in calculating the potential output that serves as a benchmark, they used the maximum of the estimated values of the response coefficients for each input, which are defined as
Then, the frontier is given as:
The idea behind this formulation is that both the intercept and the slope coefficients for those who are using the best practice methods would be larger than for those who are not following the best practice methods (Huang and Kalirajan, 1997).
There are two equally possible roots for the origin of the maximum response coefficients. On the one hand, it may be argued that not every firm would be applying all the inputs efficiently and thus the maximum response coefficients need not come from a single firm. The main reason for this is that best practice methods vary from input to input. On the other hand, we may argue that a firm which uses same inputs efficiently may also use all inputs efficiently and thus the possibility that all maximum response coefficients may come from the same firm cannot be completely ruled out. The implications of these two possibilities for the measurement of technical efficiency are very different, however.
In the case where all maximum response coefficients are coming from the same firm, (2) represents an apparently well defined frontier and it can be used to provide reasonable estimates of technical efficiency as well as a consistent ranking of firms according to their efficiency scores. However, when the maximum response coefficients are coming from different firms in the sample, which as was noted by Kalirajan and Obwona (1994a) is quite likely to happen in empirical applications, two problems arise. First, the frontier described by (2) might not be feasible for any sample participant, implying that none of the firms in the sample operates with full efficiency. 4 For a deterministic frontier model, this contradicts with the cornerstone assumption in efficiency measurement literature, namely that efficiency is a relative concept measured with reference to observed best practice outcomes and a benchmark that is determined by some peer firms in the sample. 5 Second, the resulting frontier in (2) may not be well defined in the sense that it violates certain theoretical properties.
Consequently, the estimated technical efficiency scores are inconsistent.
The implications of these problems are illustrated further by the following two examples. The first was initially mentioned by Kalirajan and Obwona (1994a) and refers to the case where all firms in the sample exhibit (or are enforced to exhibit) constant return to scale. Then if the maximum response coefficients are coming from different firms we cannot ruled out the possibility that the frontier is characterized by increasing returns to scale. But then the best practice output might not be feasible if all firms had to have constant returns to scale. The same argument also applies to cases where all firms are characterized by decreasing returns to scale. Thus in general if all firms in the sample exhibit either decreasing or constant returns to scale and the maximum response coefficient are coming from different firms, there is no guarantee that the resulting frontier will also exhibit the same scale structure.
The second example considers the case where a cost rather than a production frontier is used as a benchmark. In a manner analogous to (2), the cost frontier would be constructed by using the minimum (instead of the maximum) response coefficients.
If the minimum response coefficients are coming however from different firms in the sample, there is no guarantee that the resulting cost frontier will satisfy the linear homogeneity property even though the individual cost functions are by definition linearly homogeneous in input prices. But if the resulting cost frontier is not linear homogeneous in input prices, the best practice technology described by an equation analogous to (2) is not well defined.
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Even though the aforementioned problems are not meet at the empirical results reported by Kalirajan and Obwona (1994a) and Salim and Kalirajan (1999) as the maximum response coefficients are coming for same firm, there are inherent in other studies. 7 For example, Kalirajan and Obwona (1994b) , Huang and Kalirajan (1997) , Kalirajan and Huang (2001) , as well as the present study, found that the maximum response coefficients are coming from different firms.
A different procedure for calculating technical inefficiency scores is proposed in this paper to resolve the above shortcomings of the SVCF model, which relies on the idea that best practice methods refer to the whole set of inputs used by a firm instead of each input separately. Starting with the basic relation that ( )
where ( ) f ⋅ refers to the production frontier, we can rewrite it for the Cobb-Douglas form as:
On the other hand, by explicitly considering the random coefficient formulation of (1) it may be written as:
Then by comparing (3) and (4) yields:
Notice that (5) 
where ^ denotes estimates values. This normalization amounts to counting the most efficient firm in the sample as fully efficient and to compare efficiency across firms in a consistent manner.
On the other hand, Kalirajan and Obwona (1994a, 199b) used the ratio of the actual to the maximum response coefficients for each input to obtain firm-specific estimates of input-specific technical efficiency. That is,
where values less than one indicate inefficiency. The inappropriateness of (7) as an efficiency measure arises from the fact that is based on production elasticities, which following Forsund (1996) are frontier measures. Thus (7) lacks any theoretical foundation for being an appropriate efficiency measure. ITE is non-radial and has an input-conserving orientation, which however cannot be converted into a cost-saving measure.
According to Reinhard, Lovell and Thijssen (1999) , the minimum feasible use ITE using the observed iK x , or we can combine (8), (3) and (5) to shown that
or equivalently,
Then, by using again Schmidt and Sickles (1984) normalization, we can compute input-specific technical efficiencies as:
which ensures that they lie in the interval ( ] 0 1 , .
Data
The data used in the empirical application were extracted from a survey undertaken 
Empirical Results
Parameter estimates of the Cobb-Douglas SVCF model for olive-growing farms in Greece are presented in Table 1 . The hypothesis of random coefficient variation cannot be rejected by the Breusch-Pagan LM-test lending support to SVCF model.
Indeed, individual response coefficients vary considerably among sample farms (see The results on Table 1 indicate that the maximum response coefficients are not coming from the same farm in the sample. Hence, the estimates of farm-specific output-oriented technical efficiency using Kalirajan and Obwona's (1994a) procedure may not lead to meaningful results. However, for comparison purposes we present also the corresponding estimates using Kalirajan and Obwona's (1994a) procedure.
The results are presented in Table 2 in the form of frequency distribution within a decile range.
According to the proposed measure, mean output-oriented technical efficiency was found to be 88.60% (upper panel of On the other hand, farm-specific estimates of output-oriented and inputspecific technical efficiencies based on the Kalirajan and Obwona (1994a) procedure are presented in the lower panel of Table 2 . As it is shown, there are considerable differences in all four alternative measures both in their mean estimates as well as in their frequency distribution. Mean output-oriented technical efficiency was found to be 66.51%, almost 14% lower than the estimates obtained from the proposed measure.
This is rather expected as we have shown that, whenever the maximum response coefficients are coming from different farms, the frontier as defined by Kalirajan and Obwona (1994a) is at the end infeasible for all of them. Mean input-specific technical efficiencies were also found to have significant differences: for land is 93.53%, for intermediate inputs is 84.09%, for labor is 75.42%, and for fertilizers is 35.81%. The variation among farms is not so large except for fertilizers where the minimum value is 11.49%. It is noteworthy the fact, that for land and intermediate inputs, all the sample participants have technical efficiency scores above 80 and 70%, respectively.
Besides the differences in average estimates, the correlation between the two sets of technical efficiency estimates is very low suggesting that the ranking would also be different. Table 3 presents the ranking of the ten most and least efficient farms according to alternative measures discussed previously. Regarding the outputoriented measure, it can be seen that farms that are found to be technically efficient according to the proposed procedure are not also technically efficient using Kalirajan and Obwona's (1994a) procedure. Nevertheless, there exists a relative concordance between the two indices concerning the least efficient farms. The Spearman correlation coefficients reported in Table 2 confirm this finding. They also show an insignificant correlation between the estimated input-specific technical efficiencies of land. On the other hand, there is a significantly negative correlation between the input-specific estimates for labor, fertilizers, and other intermediate inputs as the relevant Spearman correlation coefficients were found to be statistically significant at the 1% level. This means that farms that are found to be technically inefficient according to Kalirajan and Obwona's (1994a) input-specific technical efficiency measures for these inputs are also among the most efficient according to the proposed input-specific measure.
Moreover, as it is shown in Table 3 , the concordance between output-oriented and all input-specific efficiency measures, estimated by using the proposed procedure, is very high although there are some exceptions (first 6 columns of table 3). This indicates that a farm which is technical efficient (inefficient) according to outputoriented measure is also among the most (least) efficient farms according to all inputspecific measures. However, the same is not true when the Kalirajan and Obwona's (1994a) procedure is used. As it can be seem from the last 5 columns of however, a concordance between output-oriented efficiency and the input-specific efficiency for land.
Concluding Remarks
The SVCF model developed by Kalirajan and Obwona (1994a) have all interesting features of a non-neutral frontier model, but their procedure for estimating both the output-oriented and the input-specific technical efficiency measures is not free of theoretical and methodological problems. Specifically, it has been shown that the frontier as defined by Kalirajan and Obwona (1994a) is in practice infeasible for any sample participant and theoretically improper whenever the maximum response coefficients are not coming from the same production unit. Consequently, by using it to compute the maximum attainable output yields misleading results regarding both the magnitude of technical efficiency and the ranking of firms according to their efficiency scores. The main reason behind these problems is Kalirajan and Obwona's (1994a) assumption that the best practice methods refer to each input separately instead of the whole set of inputs used by a firm.
In order to overcome these problems, we suggest an alternative procedure for 2 This implies that all inefficient firms suffer a uniform reduction in input productivity without altering their input bundle (Huang and Liu, 1994) . 3 The hypothesis of firm-specific coefficients could be tested by using the standard Breusch-Pagan LaGrange multiplier test (Breusch and Pagan, 1979) . 4 It is obvious that when all best response coefficients are coming from the same firm, there is at least one firm in the sample that operates efficiently. If however the best response coefficients are coming from different firms, none of the firms in the sample operates with full efficiency. This is a rather simply way to check the origin of the best response coefficients. 5 In a stochastic frontier model it is quite likely that none of the firms in the sample operates with full efficiency, but this is due to stochastic disturbances and not because the frontier is not feasible to sample participants. 6 Since the Cobb-Douglas is self-dual, the same argument can be applied to (1). Let suppose that after having estimated (1) we would like to use the dual representation of the best practice technology (i.e., cost frontier) as a benchmark. Then we have first to compute the corresponding individual cost functions by relying on (1) and then to use these individual cost functions to construct the underlying cost frontier. This cost frontier will not satisfy the property of linear homogeneity if the minimum response coefficients are coming from the different firms. 7 For the Kalirajan and Obwona (1994a) study in particular, which reports estimates of the potential and actual output for each firm separately, it can be seen that the maximum response coefficients are from the firm with identification number 43. 8 Notice that this formulation is observationally equivalent to a (fixed coefficient) neutral frontier model with heteroscedastic statistical noise (Salim and Kalirajan, 1999; Tsionas, 2002) , but it is estimated with a completely different method. Here we follow Kalirajan and Obwona (1994a) and regard (4) as a non-neutral frontier model. 9 As noted by Kalirajan and Obwona (1994a) the hypothesis of constant returns to scale cannot easily be tested since the imposition of the corresponding restrictions in the model complicates its estimation.
